Smooth execution of voluntary movement depends upon activity within the basal ganglia and its modulation by dopamine (DA) (Zhou and Palmiter, [@B16]; Groenewegen, [@B9]). In Parkinson\'s disease (PD), diminishing motor control is caused by the loss of DA projections from the substantia nigra pars compacta to the striatum (Poirier et al., [@B12]; Hornykiewicz, [@B10]), resulting in a reduction of extracellular striatal DA. D1-like and D2-like receptors have disparate patterns of expression and distinct physiological properties (Gerfen et al., [@B6]; Surmeier and Kitai, [@B14]; Taverna et al., [@B15]), and are expressed in separate neuronal populations involved in the basal ganglia direct pathway (D1) and indirect pathway (D2) (Albin et al., [@B1]; Alexander and Crutcher, [@B2]). Depletion of DA leads to changes in neuronal firing rate and synchrony among cells in the dorsal striatum (Costa et al., [@B5]), but the role of direct and indirect pathways on these changes is yet unclear.

In their recent contribution to *Frontiers in Neuroscience*, Burkhardt et al. ([@B4]) investigate the individual contribution of each of these two receptor groups to altered firing rate and synchrony in the dorsal striatum following a paucity of DA signaling. Their findings indicate that blockade of either D1 or D2 receptors produces akinesia, but that the mechanisms underlying such loss of motor output are dissociable. The authors parse the roles of the D1 and D2 receptors in changing neuronal activity by systemically blocking the action of DA at both or either population of receptors using the specific D1 and D2 antagonists, SCH-23390 and raclopride, respectively. Electrode microarrays chronically implanted in the dorsal striata of freely moving mice monitored changes in single unit and local field potential (LFP) activity following administration of the antagonists. The authors discriminated between the primary output neurons of the dorsal striatum, the medium spiny neurons (MSNs), and the fast-spiking interneurons and large aspiny neurons based upon the half-width, firing frequency, and amplitude of the recorded waveforms. Single unit firing rate, relative power of different frequency oscillations in the LFP, and entrainment of firing to the LFP (measured as spike-triggered average) were considered following drug administration. As LFPs reflect electrical activity in a network of neurons and afferents (Bullock, [@B3]; Goto and O\'Donnell, [@B8]), this final measurement provides an indication of the synchrony of individual units with neural ensembles within the dorsal striatum (Goldberg et al., [@B7]; Kuhn et al., [@B11]; Costa et al., [@B5]).

The effects of simultaneous blockade of the D1 and D2 receptors are consistent with the effects of DA depletion (Costa et al., [@B5]). Mice treated with both drugs are acutely akinetic. Single unit recordings of MSNs from these animals show changes in firing rate (most often a decrease in firing), and LFP recordings contain a general reduction in gamma band power following global DA antagonism. What is more, combined administration of SCH-23390 and raclopride causes the alignment of cell spiking with epochs of depolarization in a neural ensemble, as revealed by the trough of the LFP using spike-triggered averages. Interestingly, treatment with either antagonist alone produces akinesia similar in scope to that caused by both antagonists together; however, each antagonist results in distinct physiological outcomes. D2 receptor blockade caused a decrease in firing rate in most putative MSNs, as well as a change in the relative power of LFP oscillations, but insomuch as D2 blockade alone did not alter the entrainment of MSNs to the LFP, synchrony was found to be unrelated to the activity of DA at D2 receptors. By contrast, specific antagonism of D1 receptors resulted in MSN entrainment to the trough of the LFP, but had less impact upon firing rate and power in the LFP.

These observations suggest that changes in firing rate and LFP power following DA depletion arise from reduced signaling at D2 receptors, and that increased neuronal synchrony in the absence of DA arise from reduced signaling at D1 receptors. In fact, the probability that an individual neuron would become entrained to the LFP following administration of one or both antagonists was unrelated to whether it underwent a change in firing rate upon treatment. That these events are dissociated supports the conclusion that reduced DA signaling affects activity in the dorsal striatum independently via separate D1- and D2-mediated pathways. Thus, interfering with the D1-dependent direct pathway or the D2-dependent indirect pathway separately affects motor control by affecting striatal ensemble activity via different mechanisms involved in control of cell firing and neural assemblies. Furthermore, as D2 receptors have higher affinity for DA than D1 receptors (Richfield et al., [@B13]), it is possible that hypokinesia due to reduced direct pathway signaling may emerge earlier than that due to reduced indirect pathway signaling in PD. In this regard, Burkhardt and colleagues provide a hint at aspects of striatal physiology that could potentially inform more effective treatment strategies for PD.
